perspective of regulatory requirements. With the implementation of a ban on animal testing for cosmetic ingredients and products in the European Union 2 and other countries, the use of non-animal testing methods for cosmetic safety assessment has become a worldwide goal 3 . Alternative methods should bring together several important aspects including advantages in accuracy, sensitivity, cost, etc., and compliance with the 3Rs principle should be considered first and foremost.
Information on the acceptance status of alternative methods was collected from the websites of ICCVAM (Interagency Coordinating Committee on the Validation of Alternative Methods), EURL-ECVAM (European Union Reference Laboratory for alternatives to animal testing), JaCVAM (Japanese Center for the Validation of Alternative Methods), KoCVAM (Korean Center for the Validation of Alternative Methods), and OECD (Organisation for Economic Cooperation and Development) test guidelines, and the alternative methods that are already accepted and that will be adapted to the STSC in China are listed in Table  1 . Currently, five alternative methods are included in China's cosmetics standards and four methods have completed verification and are open for public opinion on the NIFDC website. Together they cover skin irritation/corrosion, ocular toxicity, skin sensitization, phototoxicity, and genotoxicity, i.e., the basic and most important toxicological endpoints of cosmetics safety assessment 4, 5, 6, 7 .
Cosmetics regulatory framework in China
In 1989, supervision and management of cosmetics entered China's legal system when the China State Council approved the "Regulations concerning the hygiene supervision over cosmetics" 8 . The function of cosmetics supervision was transferred Safety assessment is important to ensure the quality and safety of cosmetics. Owing to the progress of technology and the 3R principle, validated alternative approaches can meet the needs of local toxicity evaluations for cosmetics. China is actively promoting research, validation/verification work, and regulatory acceptance of alternative methods in cosmetics safety assessment. The NIFDC (National Institutes for Food and Drug Control), as the scientific subordinate body of China NMPA (National Medical Products Administration), is assigned to conduct cosmetics alternative validation/verification and research projects. After validation/verification, public opinion on an alternative method is solicited and then the method is submitted to the Experts Committee of Cosmetics Standards by the Secretary of NIFDC. After approval by the committee, the method is adopted as one of the toxicological testing approaches in the Safety and Technical Standards for Cosmetics (STSC) and published by NMPA. This letter summarizes the status of alternative methods for cosmetics safety assessment worldwide, and provides commentary on relevant cosmetics legislation in China.
In 1959, British scientists first put forward the 3R (reduction, refinement, and replacement) principle of animal welfare and animal protection in scientific research (Russell and Burch, 1959) . With the continuous progress of science and technology, cellular and molecular biology methods were introduced into modern toxicological research. New in vitro technologies such as reconstruction of tissues and organs, computational toxicology, and other predictive methods were developed to gradually replace animal experiments 1 . In recent years, the need for non-animal test methods has become greater, especially in cosmetics safety assessment. Besides scientific and animal welfare considerations, alternative methods are also of great importance from the Luo et aL. In vitro skin sensitisation assays addressing the key event on activation of dendritic cells on the adverse outcome pathway for skin sensitisation (h-CLAT+U-SENS+IL-8)
Tab. 1: The status of main alternative methods in cosmetics

In vitro skin sensitisation: Sens-IS
In vitro skin sensitisation assay: Genomic allergen rapid detection (GARDskin, GARDprotency)
In vitro 3T3 NRU phototoxicity test In 2016, the former CFDA adopted the 3T3 NRU Phototoxicity Assay into the STSC 4 , which was a milestone marking the formal entry of animal alternative methods into China's cosmetics standards system.
Challenges and problems of developing alternative methods
With increasing numbers of mature in vitro assays being validated and accepted worldwide, the research and validation/verification of alternative methods has started to blossom in China. On the basis of respecting the 3Rs principle, China aspires to promote the research and application of alternative methods in the field of cosmetics safety assessment. But we still face numerous challenges and problems in developing alternative methods.
The alternative methods accepted as OECD test guidelines are designed to test chemicals or mixtures of specific concentrations. According to the authors' estimate, one-third of the 8,783 ingredients included in the "Inventory of used cosmetic ingredients" 13 in China are extracts of animals or plants with uncertain composition and concentrations. These kinds of raw materials are from the former Ministry of Health to the former State Food and Drug Administration (SFDA) in 2008, and after a series of institutional reforms (SFDA is known as CFDA since 2013), and development and revision of cosmetics regulations and standards, the NMPA has now taken charge of cosmetics supervision. The new "Cosmetics Supervision and Administration Regulation", revised by the former CFDA, was opened for public opinion in 2015 9 , and is entering the legislation plan now.
In 2010, safety assessment was officially introduced into cosmetics supervision in China when the former SFDA introduced safety assessment procedures in management of risky substances that may exist in cosmetics 10 . In 2013, the former CFDA released a proclamation to amend several matters concerning the registration and management of cosmetics 11 . According to this proclamation, "domestic non-special-use cosmetics whose risk can be fully confirmed by results of safety assessment can be exempted from relevant toxicological tests of products", greatly encouraging the use of safety risk assessment to ensure a products' safety and reduce toxicological tests for cosmetics. In 2015, the former CFDA drafted a "Guidance on Risk Assessment of Cosmetics Safety" (draft open for public opinion) in order to regulate and 
In vitro mammalian cell micronucleus test
In vitro mammalian chromosomal aberration test
In vitro mammalian cell gene mutation tests using the thymidine kinase assay
In vitro mammalian cell gene mutation tests using the Hprt and xprt genes China has always held a positive stance on the 3Rs principle and actively promotes the application of cosmetic safety risk assessment. Many stakeholders from registered test institutions, universities and academies, third-party test agencies, and industry have actively established alternative methods. Some laboratories, including NIFDC, have obtained test accreditation from CNAS (China National Accreditation Service for Conformity Assessment). Since there are no unified national standards for in vitro toxicity laboratory qualification and standardized documentation for the validation/verification of alternative methods, the CNAS accreditation might help to meet the increasing needs of alternative testing markets.
The cosmetics safety assessment is based on strong technical support and advanced industrial development. China's cosmetics industry is mainly SME (small and medium enterprise), whose technical and economical capability is relatively weak. In order to help promote and spread knowledge on and use of alternative methods and the 3Rs principle, NIFDC holds a hands-on training workshop annually together with IIVS (Institute for In Vitro Science, US) since 2013. International conferences and seminars relevant to alternative toxicology and safety assessment of cosmetics also have been held successfully several times in China.
Although there are many challenges, Chinese authorities have made strides towards improving and practicing the cosmetics safety assessment and alternative tests. Currently, NIFDC has established a special work group for research and verification/ validation of alternative methods for cosmetics testing, which has a similar function to a "CVAM" (Center for the Validation of Alternative Methods), focused especially on cosmetics in China. It can help to bridge the scientific, regulatory, and commercial needs in the field of cosmetics safety assessment efficiently. Owing to the testing requirements for final products in China and the specific characteristics of China's cosmetic raw ingredients, alternative methods need to be further developed and adapted before verification, and cannot simply be translated and adopted. In addition, there are some problems regarding the import of specific cell lines, tissue models, and facilities required to perform alternative methods. For example, the reconstructed human skin and/or corneal models validated by OECD are currently only produced by overseas suppliers and may not retain their bioactivity after long-distance delivery to China. The facilities of BCOP (Bovine Corneal Opacity and Permeability Test Method) are currently supplied by a single entity in China at a prohibitively high price. Also, many of the cell lines used for in vitro / in chemico skin sensitization tests have not been officially introduced or imported into China yet (sometimes this is because China is not an OECD member country), and some sensitization tests have strong patent protection. All these factors slow down the promotion and acceptance of alternative tests, which may be contrary to the will of the assays' developers.
Prospects of alternative methods
The NMPA has organized research projects to verify alternative methods for ocular toxicity, skin irritation/corrosion, skin sensitization, phototoxicity and genotoxicity testing. The 3T3 NRU phototoxicity assay and TER (Transcutaneous Electrical Resistance Test Method) skin corrosion assay, both for cosmetics ingredients, already have been adopted to STSC. Chinese authorities will continue to carry out further research on relevant alternative methods suitable for the local cosmetics' characteristics and needs of the local cosmetics industry. The public proposals for revising STSC are published annually on the NIFDC website (always mid-year).
